This paper used a data envelopment analysis (DEA) to measure the performance of the nations participating in the Commonwealth Games. To increase the consistency of the research, multiple models were employed to validate the result, but the nature of the input and output remained same throughout the paper. The objective of this study was to establish some realistic targets in terms of number of players for all participant countries and evaluations of their performance as well as benchmarks against the most efficient country. This study would help the nations optimize the size of their players to maximize the outcome in terms of the number of medals won in sporting events.
Introduction
The XIX Commonwealth Games 2010 (CWG 2010), held in Delhi on October 2 through 14, were a major success. The games attracted the participation of 71 nations who are part of the Commonwealth Games Associations (CGAs), representing one-third of the world's population. Approximately 6,500 athletes and team officials competed in 17 sports and four para-sports in 290 sessions. In the end, two new world records (power lifting and athletics) and 108 new Commonwealth records were established.
In general, athletes compete on behalf of the nation, and ranking is based on the total number of gold medals won by each country. Usually the gold medals are worth more than silver ones, which are worth more than bronze ones. At the end of the games, the sum of the medals is computed and used for ranking the participating countries.
The Commonwealth Games
The Commonwealth is an alliance of 53 nations across the globe. Although there are 53 Commonwealth nations, presently 71 CGAs can enter a team in the The number of teams competing in the Commonwealth Games depends on the number of nations in the Commonwealth itself as, from year to year, nations are admitted and suspended for various reasons. Since 2002, there has been an increase in attendance as all Commonwealth nations have been represented in all editions of these prestigious games. As the number of nations taking part has increased, so too have the number of athletes participating, sports included, and events held.
Although various multi-sport events are held globally, the Commonwealth Games are a unique, world-class, multi-sport events held once every four years. Table 1 summarizes a few of the most popular multi-sport events along with their descriptions.
There is still great diversity in the relative performance of athletes, as indicated by nations' rankings, which makes it difficult to understand how and where to improve. This article employs a data envelopment analysis (DEA) to compare the relative efficiency of the utilization of resources (i.e., players) by nations who have won medals in the XIX Commonwealth Games 2010 in Delhi. In an attempt to find new ways to establish alternative performance rankings, this paper uses the DEA model with an output orientation. The total number of players from each country is used as an input, whereas the outputs are the total number of medals (gold, silver, and bronze). The unit of analysis is all countries that won at least one medal.
The objective of the paper is twofold. In the first stage, the paper ranks the nations in terms of all medals won and gold medals won by calculating their relative efficiency. In the second stage, the paper decides the optimal number of players to be sent to win medals in the CWG. To achieve the second objective, a DEA model with input orientation is used.
The paper is organized as follows: Section 2 discusses the DEA models used for evaluating the performance of the participating countries. Section 3 presents an empirical study using different DEA models. Section 4 presents the methodology, while Section presents the findings. Section 6 contains conclusions and discussions. Summer Olympics The world's premier multi-sport and multi-country sporting competition, held every four years.
Winter Olympics
The winter sports version of the Olympic Games, held every four years, two years after the Summer Olympics.
Paralympic Games A major event for athletes with disabilities, now run in conjunction with the Summer Olympic Games, every four years.
Commonwealth Games Held every four years, most recently held in Glasgow in 2014.
Asian Games
The Asian Games, officially known as Asiad, is a multi-sport event along the lines of the Olympics, though only for Asian countries. They were first held in 1951.
Gay Games
The Gay Games, held every 4 years, is open to all who wish to participate, without regard to sexual orientation.
Military World Games For military athletes from more than 100 countries.
European Games A multi-sport event along the lines of the Summer Olympic Games, though limited to athletes from European nations.
Youth Olympics
The Youth Olympic Games is an international multi-sport event, held every four years for athletes aged 14 to 18. 
where u i is the weight assigned to input x i and v j the weight assigned to output y j as given in Equation 3.
DEA models assume CRTS and VRTS. In a CRTS, the change in the output is proportionate to the change in the input. However, in a VRTS, the change in output is not proportional to the change in the input. Figure 1 shows various types of RTS. Point A represents the units present in the region of increasing RTS. If we assume that an increase in inputs will increase outputs above the dashed line that would result in a greater than proportionate increase in outputs. If the units increase their inputs, the ratio of inputs to outputs will change so that the unit moves along the efficiency horizon and the unit will move into the region of CRTS. Point B falls into a CRTS. Point C falls in the region of decreasing RTS or non-increasing RTS. This implies that increases in inputs will result in a ratio of inputs to outputs that continue to fall along the frontier. If that assumption holds, increases in inputs will result in proportionately smaller increases in output. The only point not identified by any region is an inefficient unit.
DEA and Sports
The existing literature shows that researchers have used diverse mathematical models to study the results of multi-sport games. Lozano, Villa, Guerrero, and Cortes (2002) and Estellita Lins, Gomes, Soares de Mello, and Soares de Mello (2003) analyzed the relative efficiency of the participating countries that won at least one medal in Olympic Games in relation to their available resources, where inputs were the country's population and gross domestic product (GDP) and outputs were the numbers of gold, silver, and bronze medals. (2000) applied DEA to formulate the production function in rugby games. Fezel and D'Itri (1997) also used deterministic non-parametric frontier to measure coaches' efficiency in basketball. The authors concluded that the results would help replace coaches and enhance teams' performance. Hadley, Poitras, Ruggiero, and Knowles (2000) used DEA in American football to evaluate the team's performance with respect to its potential. Scully (1994) applied stochastic frontier and deterministic frontier in American football and baseball, respectively, to study the relationship between coaches' performance in terms of the team and efficiency of its management.
Research Methodology

Model Selection
As the objective of the study is to optimize the number of players participating in the international games to maximize the efficiency of the team in terms of winning medals, an output-oriented model was selected for the same purpose. The BCC model was chosen as the change in the input does not guarantee a proportionate increase in the output. As previously discussed, the BCC model would have VRTS. The change in the number of medals (output) cannot be proportional to the number of players (input) in our case.
Data Collection
The data were collected from the CWG office in New Delhi, India. In total, 71 countries participated in the games, representing various region of the world, including the Caribbean, Asia, Oceania, Africa, Europe, and America. Approximately 4400 players participated, including 1700 females. The participating countries won 762 medals, which were nearly equally distributed among gold, silver, and bronze medals. Table 2 shows that, of the 71 participating countries, only 34 (approximately 47%) won medals in international sports events; of these, 23 countries (67%) won gold medals. 
Findings
This paper performed an independent DEA of the 2010 Commonwealth Games held in India. In the DEA, the DMUs are considered to correspond to the participating nations that won at least one medal. Two models were used to analyze the performance of the medal-winning nations. In the first model, three output variables were considered: he number of gold, silver, and bronze medals won by a country in the CWG 2010. The DEA output is summarized in Table 3 . The input variable was the total number of players representing a country across chosen sports events. In the second model, only one output variable was considered in terms of the number of gold medals won by the nations. The analysis of this model is presented in Table 4 . The data set is heterogeneous in terms of the size of the nations and the GDP as the data set represents both poor and rich countries. India is the most populous country that participated in the game, while the Cayman Islands and Nauru are the least populated countries; their GDP is also small compared to India. The analysis primarily computes the relative efficiency of the nations participating in the game, irrespective of their size and economy. Both models are BCC output oriented, where the output (number of medals) is maximized under at most the present input (number of players) consumption. Table  3 shows that countries like Australia, Bahamas, Canada, Cameroon, England, St. Lucia, Nigeria, Nauru, and Singapore were fully efficient countries in terms of winning medals, even though these countries differ in terms of their size and economic conditions.
VRTS is assumed to hold. The inputs represent the number of players representing their respective countries, which can be controlled by the countries. As this paper also measures the efficiency of countries in winning medals, the BCC output (O)-oriented model was considered for the analysis.
As Table 3 suggests, very few countries were fully efficient in terms of winning at least one medal in the game. For instance, Australia, Bahamas, Canada, Cameroon, England, Nigeria, Nauru, and Singapore are fully efficient countries (efficiency = 100%). This table summarizes  the information from Tables 3 and 4, where Table 3 represents the model (called model 1) with three outputs and Table 4 represents one output (called model 2). In model 1, the numbers of output variables are the number of gold, silver, and bronze medals; model 2 has one output variablenamely, the number of gold medals won in the CWG 2010. The inferences have been drawn heavily from peer group analysis that plays a significant role in DEA modeling. The result is particularly significant for inefficient countries to improve their efficiency by referring to the peer group located on an efficient frontier. For instance, countries like Canada and Singapore are fully efficient countries in model 1 (efficiency = 100%; Table 3 ), which means these countries are able to use their resources (capability of the players) to win at least one medal. However, they are inefficient in model 2, as shown in Table 4 , in terms of winning gold medals. Their efficiency scores are 0.549268 and 0.919048, respectively (see Table 4 ). Furthermore, if these two countries want to improve their performance, they need to refer to their peer group. Although the peers for Canada are Australia and Nauru (5  th and 7  th column of Table 4 ), Australia has more weightage (0.634715) than Nauru (0.365285). Hence, the most appropriate peer for Canada would be Australia in terms of improving the efficiency in winning gold medals. Similarly, for Singapore, the peers are Australia (0.150259 Table 5 Table 4 . Nauru has greater weightage (0.849741 > 0.150259), making it a role model for Singapore to improve its efficiency. Nauru only participated in weight lifting and won medals in that. Similarly, India-being an inefficient DMU in model 1 (Table 3) with only 75% efficiency and 51% efficiency in model 2 (Table 4 )-has to follow Australia if it wants to win at least a medal in the game or a gold medal. On a similar note, according to Tables 3 and 4 , countries like Sri Lanka, Scotland, and Pakistan should follow Singapore's example to win at least a medal. Surprisingly, when comparing Tables 3 and 4 , Nigeria is a fully efficient country in terms of winning at least one medal; however, it needs to follow the strategy adopted by Nauru in order to win a gold medal.
As one of our objectives is to estimate the ideal number of athletes that a country should select to represent in multi-sports events like the CWG in order to win at least a medal or only gold medal, an input-oriented model was also run to analyze the performance of the medal-winning nations. For this purpose, the BCC input-oriented model was selected for both situations-the first for the three output variables (model 1) and the second for one output variable (model 2). In this input-oriented model, which aims to reduce the input amounts by as much as possible while keeping at least the present output levels, the number of athletes was considered as an input variable. Table 6 represents the ideal number of athletes under two different situations: when three outputs (model 1) compared to only one output is considered (model 2). In model 1, the output is the number of gold, silver, and bronze medals won by the nations; in model 2, the number of gold medals won is considered an output variable. Numbers with an asterisk (*)represent an optimum number of players to win at least a medal or a gold medal.
The optimum number of players for a country to win at least a medal is given in the fourth and fifth columns of Table 6 . As an explanation, Kenya should be represented by only 72 instead of 157 to win at least a medal, and it requires only 69 to win a gold medal. Similarly, India should represent only 285 and 206 players to win at least a medal and a gold medal, respectively. Scotland was represented by 192 players but it needs only 53 to win a gold medal or 63 players to win at least a medal. South Africa needs only 69 to win a gold medal and 76 to win at least a medal. This analysis is useful for those countries represented by a huge number of players, but not able to compete with the participants of other countries. Therefore, a good strategy could be to select players in such a combination that the players are able to win in the international games. The reputation of a country also depends on success in international games like CWG.
Conclusion and Discussion
The present study discussed DEA models with a various combination of input and output variables for the evaluation of the relative efficiency of nations that won medals at CWG held in India in 2010. The findings are interesting and insightful too. In an international sports event, the primary objective of any nation is to show its superiority over other participating nations by winning a maximum number of medals, especially gold medals, in multi-sports events. However, it is also usual practice among many nations to represent the country in multiple sports without any expertise. This leads to a huge participation in terms of the number of players, delegations, and officials without winning any laurels for the country. This is obviously not a desirable situation as it causes embarrassment for the participating nation. Given that one of the contributions of this study is to optimize the number of players to maximize efficiency in terms of medals won in international sports events, DEA modeling has been used. The different DEA models show different results as the number of DMUs (countries in our case) changed when the numbers of output parameters were used as a variable. The result is essentially useful for the policymakers of the international sports events who decide the number of players to represent their country in the international sports arena. The result of the present study would help them strategize the number of players to maximize the probability of winning medals in various sports.
An interesting aspect of this paper was the effort to identify the trend among participating nations in CWG 2010 in terms of representing the ideal number of players. The countries with fewer players were found to be more efficient in terms of their performance than countries with more players in CWG 2010. Indeed, Nauru, with the fewest participating players (only 10), was able to win a gold and silver medal, whereas Sri Lanka won one medal in each category with 92 participating players. Although there is pride in taking part in international sports events and national pride has its own significance, in terms of performance efficiency, the number of medals matter to a great extent.
As per the results, only a handful of nations have been identified as being completely efficient, whether in terms of sending an appropriate number of players to represent the country or to win a medal. Most countries exhibit more of a disappointment and only modest success.
Future research should consider analyzing the same countries for the CWG recently concluded in Glasgow in 2014. As the number of countries remains the same, the efficiency of these countries can be observed with a different number of players in different sports activities.
